Cyclic AMP inhibitors inhibits PDGF-stimulated mitogen-activated protein kinase activity in rat aortic smooth muscle cells via inactivation of c-Raf-1 kinase and induction of MAP kinase phosphatase-1.
In rat aortic smooth muscle cells (RASMC), pretreatment with forskolin inhibited the activation of p42/44 isoforms of mitogen-activated protein kinase (MAP) kinase stimulated in response to low concentrations of PDGF (10 ng/ml). This correlated with a strong inhibition of PDGF-stimulated MEK and C-Raf-1 kinase activity. However, the effect of forskolin could be surmounted by increasing the concentration of PDGF. Under such conditions forskolin was only effective against prolonged MAP kinase activation. The ability of forskolin to inhibit the late phase of MAP kinase activity was reversed by pretreatment of the cells with cycloheximide, suggesting the involvement of a protein synthesis step. This was not due to effects upstream of MAP kinase since PDGF-stimulated MEK activation was decreased by cycloheximide, an effect potentiated by forskolin. Forskolin stimulated the induction of the dual specific phosphatase MAP kinase phosphatase-1 (MKP-1), although this effect was small relative to levels induced by PDGF and angiotensin II. However, PDGF stimulated induction of MKP-1 was abolished by the protein kinase A inhibitor H89 and this correlated with the reversal of forskolin-mediated inhibition of PDGF-stimulated MAP kinase activity. These studies implicate a role for intracellular cyclic AMP in at least two aspects of MAP kinase signaling, including both the inhibition of Raf-1 activation and the induction of MKP-1.